Abstract: Sweetened beverage intake has risen in past decades, along with a rise in prevalence of overweight and obesity among children. Our objective was to examine the relationship between beverage intake patterns and overweight and obesity among Canadian children. Beverage intake patterns were identified by cluster analysis of data from the cross-sectional Canadian Community Health Survey 2.2. Intake data were obtained from a single 24-hour recall, height and weight were measured, and sociodemographic data were obtained via interview. Data on children and adolescents aged 2-18 years who met inclusion criteria (n = 10 038) were grouped into the following categories: 2-5 years (male and female), 6-11 years (female), 6-11 years (male), 12-18 years (female), and 12-18 years (male). c 2 test was used to compare rates of overweight and obesity across clusters. Logistic regression was used to determine the association between overweight and obesity and beverage intake patterns, adjusting for potential confounders. Clustering resulted in distinct groups of who drank mostly fruit drinks, soft drinks, 100% juice, milk, high-fat milk, or low-volume and varied beverages (termed "moderate"). Boys aged 6-11 years whose beverage pattern was characterized by soft drink intake (553 ± 29 g) had increased odds of overweightobesity (odds ratio 2.3, 95% confidence interval 1.2-4.1) compared with a "moderate" beverage pattern (23 ± 4 g soft drink). No significant relationship emerged between beverage pattern and overweight and obesity among other age-sex groups. Using national cross-sectional dietary intake data, Canadian children do not show a beverage-weight association except among young boys who drink mostly soft drinks, and thus may be at increased risk for overweight or obesity.
Introduction
Estimates of the prevalence of overweight and obesity in Canada 2004 show 38% for boys and 34% for girls aged 2-5 years, 35% for boys and 28% for girls aged 6-11 years, and 31% for adolescent boys and 21% for girls aged 12-17 years (Shields 2006) . This represents an approximate doubling from previous estimates, e.g., in [1978] [1979] when 13% of children aged 6-11 years were overweight or obese, and 14% of adolescents aged 12-17 years were overweight or obese (Shields 2006) . In 2004, the national cross-sectional Canadian Community Health Survey (CCHS) 2.2 also showed that Canadian children aged 1-18 years consumed an average of 309 g of sweetened beverages (soft drinks and fruit drinks) per day (Garriguet 2008) . Although there are no Canadian data on consumption trends, information from national nutrition surveys in the United States have indicated a rise in American children's sweetened beverage consumption over time, from 87 kcal·day -1 in 1977-1978 to 154 kcal·day -1 in 2005 (Popkin 2010 . Similarly, trends in beverage availability in the United States show an increase in carbonated beverages from 127 L·year -1 per person in 1976 to 185 L·year -1 per person in 2007 (Barnard 2010) .
Several lines of evidence suggest that sugar sweetened beverages, i.e., beverages that have added sugar as the main ingredient but little or no other nutritive ingredients, cause excess weight gain, including a lack of satiety provided by sweetened beverages, leading to a positive energy balance and the adiposity-promoting effect of high-fructose corn syrup; and that sweetened beverages often replace milk which may play a role in weight control (Bachman et al. 2006; Malik et al. 2006; Mattes et al. 2010) . In a classic cross-over study by DiMeglio and Mattes (2000) , liquid carbohydrate, such as sweetened beverages, did not provide satiety or compensation of energy intake over time, and others using different designed studies have found similar findings (St-Onge et al. 2007; Hartline-Grafton et al. 2009 ). Indeed, in adolescents, appetite changes that were due to restriction of sugar sweetened beverages resulted in weight loss (Ebbeling et al. 2006) . Further, others used the temporality of the rise in childhood obesity that has paralleled increased consumption of sugar sweetened beverages by children (Lasater et al. 2011 ) as evidence of a relationship.
Beverage intake patterns can be identified using cluster analysis, by which non-overlapping groups of individuals who exhibit similar patterns of beverage intake are created based on the dominant pattern of beverage intake. LaRowe and colleagues (2007) used cluster analysis with National Health and Nutrition Examination Survey (NHANES) 2001-2002 data to examine the relationship between beverage intake patterns and overweight and obesity among children, and found positive associations with sweetened beverages and water (LaRowe et al. 2007 ). We determined beverage patterns among Canadian children using cluster analysis (Danyliw et al. 2011 ) and showed a relationship to sociodemographic characteristics where ethnicity was significantly different across beverage clusters among all age groups, household income was significantly different across clusters for 6-to 11-year-old boys, and household food security was significantly different across clusters for 12-to 18-year-olds. The question remained whether beverage pattern was associated with overweight or obesity among Canadian children. The purpose of this study was to examine the relationship between beverage intake patterns and overweight or obesity among Canadian children using nationally representative data.
Materials and methods

Survey details
The CCHS 2.2 was conducted in 2004 and had a total sample of 35 107 (children and adults) and was designed to be representative of 98% of the population of Canadians living in the 10 provinces (Health Canada 2006) . The current study focused on a subsample of CCHS 2.2 respondents: children 2 to 18 years (n = 13 824). The survey was conducted using a multi-stage stratified complex survey design where specific geographic areas are identified for sampling, then a list of dwellings are sampled from the area, followed by selection of 1 person per household being selected for the survey. The survey excluded those living on First Nation reserves, members of the armed forces, and those in some remote areas. Additional details on CCHS 2.2 sample methodology can be found elsewhere (Health Canada 2006) . The overall response rate to the survey was 76.5%. Data from the CCHS 2.2 were accessed through Statistics Canada (Statistics Canada 2008), and included de-identified information on dietary intakes, height and weight, sociodemographic information, and physical activity levels.
Dietary intakes
Dietary information in CCHS 2.2 was collected via 24-h recall using the validated Automated Multiple Pass Method (Blanton et al. 2006 ). This method uses trained interviewers with computers to collect detailed information about food and beverages consumed over a 24-h period using 5 standard steps: quick list; forgotten foods and beverages; time and occasion; detailed information, including amounts consumed and preparation method; and a final review. Survey participants reported the beverages that they consumed as volume, container type, or choice of standard images of various sizes of glasses and mugs. The dietary intake files contained details on specific beverages consumed, including type, quantity, brand, and recipe (if applicable). These measurements were all converted to grams of beverages consumed for standard analysis. Children aged 12 years and over provided their own dietary recall data; children aged 6-11 years provided dietary information along with their parent or caregiver. Children under 6 years of age had a parent or caregiver report their food intake (Health Canada 2006) .
Height and weight
Height and weight were measured using standardized procedures and high-quality, accurate, portable scales. All participants over 2 years of age who agreed and who were physically able to have their height and weight measured had these measurements taken. Details on procedures used can be found elsewhere (Health Canada 2006) . Measured height (in cm) and weight (in kg) and age (in months) were used to calculate body mass index (BMI)-for-age percentiles based on the most recent iteration of the Center for Disease Control and Prevention (CDC) growth charts. Children were grouped using criteria from the CDC to create BMI-for-age categories: normal as 5th-85th percentile, overweight as BMI 85th-95th percentile, and obese as ≥95th percentile. CDC cut-offs were used to compare results with similar studies (LaRowe et al. 2007) , and to ensure relevance to public health practitioners who were using these cut-offs until the transition to the World Health Organization's growth charts (Dietitians of Canada, Canadian Paediatric Society 2010).
Sociodemographic information
Trained interviewers gathered data on demographics and socioeconomic levels in CCHS 2.2. Variables of interest examined as part of this study included ethnicity (white and non-white), household income (household income was considered low if income was ≤$15 000 if 1-2 people lived in the household, ≤$20 000 if 3-4 people lived in the household, or ≤$30 000 if 5 or more people lived in the household; high income was the reverse of these categories), household food security (food secure and food insecure, based on responses on the Household Food Security Survey Module (Health Canada 2006)), household education (those who had secondary school graduation or less, and at least some postsecondary school education).
Physical activity information
Data on physical and sedentary activity were also used. For 6-to 11-year-olds, physical activity (number of hours per week were physically active during leisure time) and sedentary activity (number of hours per day that they watched television, played video games, or spent on the computer). For all respondents over 12 years of age, physical activity information was available as the Physical Activity Index, which is the "average daily energy an individual would expend on leisure time physical activity" (Health Canada 2006) , and is divided into 3 categories: inactive was <1.5 kcal·kg -1 ·day -1 , moderately active was 1.5 to <3 kcal·kg -1 ·day -1 , and active was ≥3 kcal·kg -1 ·day -1 (Health Canada 2006) . No data were available on physical or sedentary activity for 2-to 5-yearolds, nor for sedentary activity of 12-to 18-year-olds. The variables described above as well as weighting and bootstrapping data files were used in the analysis of CCHS 2.2 for this study.
Study population
Data from children aged 2-18 years (n = 13 824) were used and subdivided into the following age categories of 2-5 years, 6-11 years, and 12-18 years to compare to other studies on beverage consumption (Popkin 2010; O'Connor et al. 2006; LaRowe et al. 2007 ). Inclusion criteria, to arrive at a sample of 10 038, were valid 24-h recall data (as determined during the interview); complete sociodemographic data; sex-specific BMI-for-age that was greater than the 5th percentile (LaRowe et al. 2007 ); reported more than only breast milk (for children aged 2-5 years); not pregnant or breastfeeding (for girls aged 12-18 years); and plausible energy intakes. Implausible energy intakes for 2-to 5-year-olds were either <800 kcal or >2700 kcal per day (LaRowe et al. 2007) , for 6-to 11-year-olds energy intakes <900 kcal or >3500 kcal per day (LaRowe et al. 2007) , and for children aged 12-18 years <1200 or >4900 kcal per day.
Beverage pattern formation
Beverage data was extracted and categorized based on energy and nutrient content and on Canada's Food Guide. Three broad beverage categories were used: sugar sweetened, low-nutrient beverages; nutrient-based beverages; and nocalorie beverages. Within the sugar-sweetened, low-nutrient beverage category, the following types of beverages were included: fruit drinks (fruit-flavoured beverages, beverages with less than 100% juice, lemonades), regular soft drinks (colas, lemon-lime, or clear carbonated caloric beverages), sweetened coffees and sweetened teas. Within the nutrientbased beverage category the following beverage types were included: plain milk (1%, 2%, skim milk, and whole milk); high-fat milk beverages (flavoured milk-based beverages with >2% milk fat, such as milk shakes, whole-fat hot chocolate, eggnog, etc.); low-fat, milk-based beverages (flavoured milk based beverages with <2% milk fat, such as low-fat chocolate milk, skim milk latte, etc.). Within the no-calorie beverages category, the following beverages were included: water, diet soft drinks, unsweetened coffee and tea (Danyliw et al. 2011) . These categories include beverages not usually consumed by children as we aimed to categorize all beverage data collected in the CCHS 2.2.
K-means method of cluster analysis was used to classify children into clearly distinct groups based on the dominant pattern of beverage intake. The FASTCLUS procedure categorized participants into non-overlapping groups in an iterative process by comparing Euclidean distances (SAS/STAT, version 9.2; SAS Institute Inc., 2009, Cary, N.C., USA). With the K-means method, it was necessary to predefine the number of clusters. The procedure was started with 40 clusters and clusters with less than or equal to 5 members were temporarily removed. Final cluster patterns were determined using recommended statistical methods (Milligan and Cooper 1985 ; SAS/STAT, version 9.2) and interpretability, where a clear and unique beverage pattern was evident. A clear and unique pattern was one where a single beverage type was consumed in much higher quantity than other beverages, or all beverages were consumed in low -and approximately equal -volumes. Clusters were named using the dominant beverage, or where no dominant beverage existed, the cluster was termed "moderate". An exploratory analysis on the effect of water on clustering process was conducted, and in all cases excluding water from the analysis resulted in improved cluster formations. A decision was thus made to exclude water from the clustering process as doing so resulted in clear and distinct unique beverage patterns. Water as a beverage was present in all beverage clusters. Analysis was performed separately for each age-sex group (aged 2-5 years, boys and girls aged 6-11 years, and adolescent boys and girls aged 12-18 years). Descriptive analyses of these clusters can be found in Danyliw et al. (2011) .
This study was deemed exempt by University of Saskatchewan ethical review board because of the secondary data analysis and de-identified nature of Statistics Canada survey data.
Statistical methods
The intake of the dominant beverage category that defined each cluster, the total beverage intake, and distribution of BMI classifications (normal, overweight, obese) were compared across clusters. To test differences in categorical variables of interest across beverage patterns, c 2 test was used.
To further understand the association between beverage intake patterns and overweight and obesity, we tested bivariate logistic regression models, including beverage patterns, for each of the following independent variables: total energy intake, age, sex (for 2-to 5-year-olds only), household income, ethnicity, household food security, and household education as potential confounders. For 6-11 year olds, physical and sedentary activity variables were included. For 12-to 18-yearolds, the physical activity index was included in the bivariate analysis.
All analyses were weighted to obtain estimates at a population level. Bootstrapping was used as recommended by Statistics Canada to account for the multi-stage stratified complex survey design (Statistics Canada 2008). a was set at 0.05. SAS version 9.2 (SAS Institute Inc., Cary, N.C., USA) was used for cluster analysis and calculation of BMI percentiles. STATA versions 10 and 11 (StataCorp LP, College Station, Tex., USA) were used for regression analyses, weighting, and bootstrapping. Data cleaning was performed using SPSS version 16 (IBM Corporation, Somers, N.Y., USA). Table 1 presents the number of participants in each cluster by age group along with the intake of the cluster-defining beverage. The details of the resulting cluster solutions are presented in detail in Danyliw et al. (2011) . Each of the cluster solutions had a cluster characterized by dominant pattern of sweetened beverages. For 2-to 5-year-olds the sweetened beverage cluster was a fruit drink cluster. Among 6-to 11-year-olds, both boys and girls, there appeared both a fruit drink and a soft drink cluster. Among adolescent boys and girls aged 12-18 years, only a soft drink cluster emerged. Results from comparisons using the c 2 test across clusters of BMI-for-age categories of normal weight, overweight, and obese are presented in Table 2 . No significant difference for BMI classification appeared across beverage clusters among any age-sex groups (Table 2) .
Results
Logistic regression analysis
Logistic regression models were created to compare children with normal BMI-for-age to those with BMI-for-age considered overweight or obese. The bivariate analysis for 2-to 5-year-olds showed that household income, ethnicity, and household food security were significant predictors of overweight-obesity. Food security, which was more strongly related to the outcome, rather than household income, was used in the final model because of the collinearity of these 2 variables. Energy, age, and sex, in addition to income, ethnicity, and household food security were included in the model (Table 3) .
For boys aged 6-11 years, bivariate analysis showed that energy intake and sedentary activity were significantly related to overweight and obesity. Therefore, these factors as well as age, food security, and ethnicity were included in the model. For girls 6-11 years, age, energy, sedentary activity, and food insecurity were included in the model, based on bivariate analysis. For boys aged 12-18 years, energy, age, and physical activity were included in the model. For girls aged 12-18 years, energy, age, income, education, and physical activity were included in the model.
For 2-to 5-year-olds, 6-to 11-year-old girls, and 12-to 18-year-old adolescent boys and girls, no sweetened beverage clusters were significant after adjusting for various confounders (Table 3 ). The odds of being overweight-obese for 6-to 11-year-old boys who drank mostly soft drinks was over twice (OR 2.3, 95% CI 1.2-4.1) that of boys of the same age who drank a moderate beverage pattern. This was true after adjusting for age, food security, and ethnicity (Table 3) . In Table 4 , we show the results of the logistic regression for only the age-sex group of boys aged 6-11 years. The 2 significant findings were a greater than 2-fold risk for overweight and obesity because of soft drink consumption (compared with the moderate cluster) and because of more sedentary activity (compared with the low activity).
Discussion
Our results show that sweetened beverages, such as fruit drinks and soft drinks, are consumed in higher amounts than recommended among many groups of children and adolescents. Health Canada recommends choosing water over sweetened beverages with little nutritional value (Canada's Food Guide (Health Canada 2007) . Overall, our results show no relationship between Canadian children's patterns of sweetened beverage consumption and overweight and obesity, except boys aged 6-11 years who consume mostly soft drinks may be at increased risk for overweight and obesity.
Our results add to the debate surrounding the increasing public health concern related to sweetened beverage intake, excess energy intake, and obesity (Popkin 2010; Reedy and Krebs-Smith 2010; Wang et al. 2009; Malik et al. 2009; Nelson et al. 2009 ). Using population-based intake data for Canadian children, we find only modest evidence for an effect of excess sugar-sweetened beverage intake, specifically soft drinks, on risk of overweight-obesity. We analyzed the relationship using cluster analysis, which follows recent trends of using this method in examining nutrition and lifestyle patterns and disease outcomes (Seghers and Rutten 2010; Landsberg et al. 2010) . Cluster analysis allows increased understanding of the variation in dietary patterns in the population as compared with more traditional methods of nutrition assessment such as mean nutrient or food group intake.
To our knowledge, only 1 other study has examined children's beverage intake patterns using cluster analysis and the relationship to overweight and obesity. LaRowe and colleagues (2007) found fruit drink and soft drink beverage cluster patterns among children aged 2-5 and 6-11 years, and had similar results to our study. They found significant differences across clusters when examining the percent of children who were >85th percentile for BMI-for-age among 2-to 5-year-olds (LaRowe et al. 2007 ); however, when adjusted for potential confounders, there was no significant relationship between BMI and beverage clusters. Among children aged 6-11 years old, LaRowe and colleagues (2007) found clusters characterized by sweetened drinks, soft drinks, and water to be associated with increased BMI. Our results only show a positive association between the soft drink cluster and overweight and obesity among boys, after adjusting for various confounders.
There are no comparative studies on beverage clusters and overweight and obesity among 12-to 18-year-old adolescent boys and girls, although some research has shown an increased risk of overweight and obesity among adolescents with increased consumption of sugar sweetened beverages (Rizwan et al. 2011; Nelson et al. 2009; Gibson and Neate 2007; Denova-Gutierrez et al. 2008) . Our results do not confirm this. This may be due to other factors related to overweight and obesity that we were unable to control for or due to the cross-sectional nature of our study, and the dietary assessment methodology that allowed for only 1 day of intake. Similarly, we found no evidence of an effect of milk consumption on body weight in children, as proposed by some investigators to be protective against weight loss (Moore et al. 2008) or causal (Berkey et al. 2005) . For example in our cluster analysis (Danyliw et al. 2011 ), children aged 6-11 years displayed 2 milk clusters, a high-fat milk cluster where intake of 2% and whole milk averaged 609 g per day; and a milk cluster where lower fat milk averaged 859 g per day. Yet despite these high intakes no association with body weight was observed.
This study has limitations in that it is a cross-sectional study; further, the temporality of beverage consumption and the presence of overweight and obesity cannot be determined. Second, we chose to use only 1 day of beverage data, which may result in misclassifying children according to beverage intake because of day-to-day variation in intake. It is important to note that the mean intake value from 1 day is similar to that of the adjusted 2-day intake, which is used as an estimate of usual intake at population level in large survey data; only the variation is reduced when 2 days of intake are used and adjusted for intra-subject variability (Health Canada 2006) . Despite detailed procedures of the Automated Multiple Pass Method of dietary recall, used to assure accurate dietary assessment, self-reported sweetened beverage intake among children who are overweight and obese may be underreported, resulting in misclassification of beverage clusters. Finally, cluster analysis is a data-driven process where the researchers are required to make decisions at various points during the process to determine the optimal clustering solution. Data-driven processes necessarily create some opportunities for subjective decision-making that could impact the results of the study. We have attempted to make the most logical decisions throughout the process to arrive at the final cluster solution (Danyliw et al. 2011) .
This study has many strengths. First, it uses data that is representative of 98% of Canadians. Second, it uses measured height and weight, which are more accurate than self-reported height and weight. Finally, the use of cluster analysis to create groups of children according to beverage intake allows us to compare mean single-day beverage intake across these groups and assess the relationship with overweight and obesity. This is a strength because using an individual's single 24-h recall data and assessing relationship to weight does not consider the day-to-day variation in intake; however, by grouping children based on their beverage intake, we account for some of this variation. We also only considered plausible energy reporters in the analysis.
Conclusion
A considerable proportion of Canadian children aged 2-18 years consumed a dominant pattern of sweetened beverages. Food and beverage habits are formed early in life, and are often maintained into adulthood. A dominant pattern of sweetened beverage consumption may put some children at increased risk for overweight and obesity. Although we saw no consistent relationship between sweetened beverage patterns of intake and overweight and obesity, boys aged 6-11 years who consumed mostly soft drinks may be at increased risk for overweight and obesity as compared with those who drank a more moderate beverage pattern, after adjusting for confounders. Further research on the relationship between beverage intake patterns and overweight and obesity are needed. In Canada specifically, longitudinal studies on children's beverage intake and its relationship to overweight and obesity are required. This research adds to the knowledge about Canadian children's beverage intake patterns and relationship to overweight and obesity. We found no consistent association between beverage intake pattern and overweight and obesity, except among boys aged 6-11 years who drank mostly soft drinks.
